Objective: This study investigated the pattern of decision-making (DM) on the Iowa Gambling Task (IGT) in a sample of Portuguese speaking healthy older women in Brazil with limited education: illiterate, 1-2 years, and 3-4 years of schooling. Methods: Around 164 non-demented community-dwelling women participated in the study. Among them 60 were illiterate, 52 had 1-2 years of schooling and 52 had 3-4 years of schooling. Participants completed the instruments: Brief Cognitive Screening Battery (BCSB), Mini-Mental State Examination, Verbal Fluency Test (animal category), Clock Drawing Test, Geriatric Depression Scale, Geriatric Anxiety Inventory, Digit Span Forward and Backward, Raven's Coloured Progressive Matrices, Wisconsin Card Sorting Test, and IGT. Results: The three education groups were equivalent as to age, number of diseases, medications taken daily, depression, and anxiety symptoms. In the IGT the literate older adults made more advantageous choices than the illiterate and IGT performance improved linearly with higher levels of education. IGT performance correlated significantly with all cognitive test scores with the exception of the memorization of the pictures on the BCSB.
Introduction
The effect of aging on decision-making (DM) is a major issue given its implications for the autonomy of older adults. Seniors are constantly faced with situations which require decisions to be taken on financial, family, and housing-related matters, among others. DM can be defined as a process in which the individual seeks to maximize benefits through the selection of responses that lead to positive outcomes under given circumstances (Alves & Rozenthal, 2006) . This process plays a fundamental role in everyday choices and contributes to the modulating of decisions in short, medium, and long terms, the setting of priorities and avoidance of alternatives with potentially unfavorable outcomes (Sakagami & Tsutsui, 1999) .
Studies indicate that unfavorable decisions observed in older adults may be associated with global cognitive decline or deficits in executive functions (Denburg, Recknor, Bechara, & Tranel, 2006) . In addition, lower working memory ability and changes in information processing speed may affect performance in everyday activities, including DM ability. Difficulties in assessing consequences might also be linked to more impulsive DM among older adults (Fein, McGillivray, & Finn, 2007; Brevers, Bechara, Cleeremans, & Noel, 2013) .
The Iowa Gambling Task (IGT) is a task that mimics a DM situation (Bechara, Damásio, Damásio, & Anderson, 1994) . The individual chooses one card at a time from four different decks for 100 draws. Whenever the individual selects a card, or financial decisions. Therefore, the primary objective of the present study was to describe the performance of a sample of healthy older women, who were illiterate or had low educational level, on the IGT. Considering previous findings on possible sex differences on IGT performance and the reduced number of illiterate men who met the inclusion criteria of the present study, only women were included in the sample. Older women who were illiterate, had 1-2 years or 3-4 years of schooling were compared on the: (1) number of cards chosen from each deck; (2) score per block of 20 card choices; and (3) Netscore (calculated using the formula C + D-A + B). The secondary aim was to investigate the potential relationships between performance on the IGT and on other cognitive tests, to determine the influence of other cognitive abilities on DM in older women with low or no education. The rationale for the inclusion of a group with minimum education (1-2 years) was to assess the affect of a basic level of schooling on DM. The hypothesis of the study predicted that IGT performance would differ significantly for the three educational levels.
Method

Participants
A total of 164 women aged 60-79 years took part in the study. Participants' primary language was Brazilian Portuguese. Participants' income varied from one to three minimum wages. Of the participants, 60 were illiterate, 52 reported having 1-2 years of education and 52 reported 3-4 years. The sample was recruited among individuals frequenting the social area and specialty outpatient clinic of the José Ermírio de Moraes Paulista Institute of Geriatrics and Gerontology (IPGG-JEM). The IPGG-JEM is a public institution located in the eastern part of São Paulo city within the sub-district of São Miguel Paulista that provides outpatient treatment and educational and social activities to elderly persons. Participants were invited to join the study as volunteers during physical activities carried out at the Institute. In addition, the project was explained to the clinicians of the Institute who were encouraged to indicate potential volunteers. Participants were not monetarily compensated for their time.
Illiteracy was defined in elderly women who concomitantly: (1) never attended school or attended for less than 1 year; (2) considered themselves unable to read and/or write a simple note; and (3) were unable to read or interpret the command: "Close your eyes" from the MMSE (Aprahamian, Martinelli, Neri, & Yassuda, 2010) .
Inclusion criteria were: (1) being aged 60 years or older; and (2) having between 0 and 4 years of education. The exclusion criteria adopted were: (1) performance on the Mini-Mental State Exam (MMSE) below the schooling-adjusted cut-off score (<17 for illiterates, <22 for 1-4 years of education), with scores calculated by subtracting one standard deviation from the means for schooling levels reported by Brucki, Nitrini, Caramelli, Bertolucci, & Okamoto (2003) ; (2) uncorrected auditory and/or visual deficits; (3) impaired activities of daily living (FAQ > 1); (4) signs suggestive of depression (GDS > 5 points); (5) neurological and/or psychological diseases (except depressive disorder in use of medication with stable dose for at least 2 months); (6) current or past history of alcoholism (CAGE > 2); (7) current use or previous abuse of illicit drugs; (8) current use of benzodiazepines, hypnotics, or anticonvulsants; and (9) history of pathological gambling (Lie/Bet > 1).
Instruments
The protocol included the following instruments, culturally adapted to Brazilian Portuguese and previously validated in Brazil: Digit Span forward (DSF) and digit span backward (DSB) from the WAIS-III battery (Nascimento, 2004) , the Brief Cognitive Screening Battery (BCSB; Nitrini et al., 2004 ), Raven's Coloured Progressive Matrices (RCPM; Angelini, Alves, Custódio, Duarte, & Duarte, 1999) , the 128 item non-computerized card-based Wisconsin Card Sorting Test (WCST; Trentini, Argimon, Oliveira, & Werlang, 2010) , the computerized IGT (Malloy-Diniz, Leite, Moraes, Correa, Bechara, & Fuentes, 2008) , the Geriatric Depression Scale (GDS; Paradela, Lourenço, & Veras, 2005) , the Geriatric Anxiety Inventory (GAI; Massena, de Araujo, Pachana, Laks, & de Padua, 2015) , the CAGE (Castells & Furlanetto, 2005) , Lie/Bet Questionnaire (Johnson, Hamer, Nora, Tan, Eisentein, & Engehart, 1997) , and the Functional Activities Questionnaire (FAQ; Sanchez, Correa, & Lourenço, 2011) . Scores are reported as raw scores as scaled scores were not available for all instruments used. In addition, the limited age and education ranges included in the study did not suggest the use of adjustments for these factors.
Exclusion criteria were checked by applying the MMSE, FAQ, GDS, GAI, CAGE, and Lie/Bet instruments. The FAQ was filled out by telephone with a family member as the informant. Participants not meeting the exclusion criteria subsequently performed the IGT and other neuropsychological tests.
On the BCSB, the total of number of black and white figures recalled for Incidental, Immediate, Learning, and Delayed Memory was calculated. These scores represent the three opportunities participants have to learn the figures. The total score on the Verbal Fluency -animal category (VF) test in 60 s and the score on the Clock Drawing Test (CDT) were determined and assessed according to the criteria of Shulman (Shulman, Gold, Cohen, & Zucchero, 1993) . On the Digit span test, the forward and reverse scores were analyzed separately. On the RCPM, the sum of correct answers was calculated. The following parameters were determined for the WCST: number of correct responses, perseverative errors, categories completed, trials to complete first category and failure to maintain set.
The computerized IGT (Bechara et al., 1994) was applied in the usual manner. The only difference from the standard procedure was that monetary gains and losses were read out loud for all participants, given the low educational level of the sample. The IGT was the only computerized test in the protocol. Given the low educational level of the sample, steps were taken to familiarize the participants with the computer, performing a brief training with the solitaire game to ensure participants could use of the mouse.
Procedures
Data collection was carried out during a single session lasting approximately 2 hr divided into two parts. In the first part of the session, participants were asked to sign the Free and Informed Consent Form, and tests were performed applying inclusion and/exclusion criteria. During the second part of the session, those patients included in the study completed the neuropsychological tests. In cases of illiterate elderly unable to sign their name, the form was signed by a family member. The patients excluded from the study for signs of cognitive impairment and/or psychological diseases were referred to undergo diagnostic investigation at the health institution from which they were recruited. This study protocol was approved by the Research Ethics Committee for analysis of Research Projects (CAPPESQ) of the Clinicas Hospital of the University of São Paulo School of Medicine (HCFMUSP), under number 8708/11.
Statistical Analyses
Data analysis was carried out using the statistical software SPSS (Statistical Package for Social Sciences) for Windows version 20. All tests were performed considering the bilateral hypotheses and assuming a level of significance of α = 5%, i.e., p < .05. The Chi-square test was employed to compare categorical variables among the groups stratified by educational level. Kolmogorov-Smirnov's test confirmed the absence of normal distribution for the vast majority of the continuous variables (MMSE, VF, CDT, DSF, DSB, RCPM p < .001). Nonparametric tests were therefore used. The Kruskal-Wallis test was used for comparison of continuous variables. Spearman's correlation analyses were performed to assess the bivariate relationship among the cognitive, psychological scores (GDS, GAI), and IGT tests.
Results
Marital status, skin color, and profession were homogenous across the different educational levels. The sample comprised predominantly (78.3%) older adults with an income of 1-2 monthly minimum wages. The groups were also homogenous for number of diseases, quantity of medications used, as well as depressive and anxious symptoms. As expected, individuals with greater education exhibited a significant difference in performance on the MMSE (Table 1) . Concerning cognitive performance (Table 2 ), a statistical difference was observed among the three groups on all tests except for Figure Memory . The group with 3-4 years' education had better performance on the VF, CDT, Digit span -backward, the RCPM and WCST -total categories completed compared to the illiterate group and group with 1-2 years' education. The groups with 3-4 years' and 1-2 years' education both had better performance on the Digit span (forward) and the WCST (failure to maintain set) than the illiterate group. Also, significant differences among the three groups were observed on the subitems perseverative errors and trials to complete first category.
Performance of the participants on the IGT is shown in Table 3 and Figs. 1-3. Performance differed significantly among the groups, except for the first block of the task. For the remaining blocks, a statistical difference was noted in card choice and Netscore, with a predominance of disadvantageous choices (Decks A and B) among individuals with lower educational level. Table 4 depicts the correlations between IGT performance and educational level, age, and cognitive and neuropsychiatric test results. A significant correlation was observed between educational level and all scores on the IGT except for the first block of choices. IGT performance also correlated significantly with results on the MMSE, VF, CDT, Digit span -forward and reverse, the RCPM and with the number of correct answers and perseverative errors on the WCST. The correlations between age and performance on the IGT were not significant. Similarly, the correlation of Delayed Memory score with IGT performance did not reach significance.
Discussion
In the present study, healthy older women stratified by educational level had IGT scores compared. In addition, IGT performance was correlated with cognitive tests. The results showed that IGT performance was significantly positively associated with education. The illiterate participants had predominantly negative Netscores, whereas the educated individuals had positive values. The higher Netscore among the participants with higher educational level indicates that these individuals more frequently chose the advantageous decks. The illiterate participants only displayed a preference for the advantageous decks from Block 4 onwards.
The IGT manual indicates that when Netscore is positive, performance should be considered adequate (Bechara, 2007) . Other authors have classified IGT performance into impaired, unimpaired, and borderline, adopting scores of above +18 to indicate unimpaired performance, between -18 and +18 as borderline and below -18 as impaired (Carvalho et al., 2012; Bakos, Denburg, Fonseca, & Parente, 2010) . Thus, according to the original classification of the test, the illiterate participants had impaired performance, whereas on the classification proposed by the latter authors, all three groups had borderline performance. It should be pointed out that both the American and Brazilian studies cited included only individuals with high educational level (10 years or more).
Analysis of performance per block revealed groups differences for all blocks except for the first (trials 1-20). This result indicates that the participants initially selected the cards randomly, as they had not yet gathered explicit knowledge of the contingencies of reward and punishment in the task. By contrast, from Block 2 onwards, a difference in the choice of cards among the educational levels was observed. The illiterate participants exhibited no change in their DM behavior during the first three blocks of the task, showing progress in the learning process only from the fourth block onwards. However, in this group on the final block advantageous and disadvantageous blocks were chosen with equal frequency. According to Dunn et al. (2006) , in the IGT participants are unlikely to perform accurate calculations of net gains and losses, and this may be particularly true for individuals with lower education.
Perhaps illiterate individuals require one or more additional blocks of the task in order to establish a sound predilection for the safer decks. Some studies involving children and adolescents employed the IGT versions with 150 (Crone, Bunge, (Crone & van der Molen, 2004; Overman, 2004; Huizenga, Crone, & Jansen, 2007) , on the basis that younger individuals need more experience on the task to learn the contingencies associated with each deck of cards. The larger number of trials allows the influence of pace of learning (learning curve) to be assessed, which may differ for some age groups or education levels. Retesting shortly afterwards on another day, without changing the original task, represents another potentially viable strategy for assessing learning pace (Verdejo-Garcia, Bechara, Recknor, & Perez-Garcia, 2007) . Future studies should explore these strategies. Alternatively, the regression to disadvantageous choices observed among the illiterate individuals might be associated with fatigue, given the IGT can be perceived as more challenging among individuals with no education or low education. The study of Holtzer & Foley (2009) found a strong correlation between subjective reports of fatigue and cognitive performance on a computerized dual-task paradigm. Also, failures in different components of EFs may also explain the pattern of responses of the illiterate participants on the IGT. The illiterate individuals may have had difficulties in retaining the results of previous choices in working memory hampering the process of registering which decks produced more losses and the magnitude of those losses. The learning process which takes place during the course of the IGT is essentially associative in nature, based on the affective reaction following each of the choices made during the task. The associations between stimuli and their consequences are formed gradually, being subsequently replaced by new associations based on the changes observed in the contingencies of rewards and punishments (Bechara et al., 2004) . Illiterate individuals may need greater exposure to the task in order to consolidate these associations.
Additionally, Gansler, Jerram, Vannorsdall, & Schretlen (2011) demonstrated through structural equation modeling that the IGT is significantly associated with measures of attention and to a lesser degree to measures of executive functions. Therefore, it is plausible to suppose that worse scores in the last block observed among illiterate women might be related to lower attention.
Illiterate elderly may not fully understand the task, however, efforts were made to minimize this possibility by assessing global cognitive and functional ability and excluding individuals with impairments from the study. Moreover, the instructions were given verbally and participants subsequently asked to explain the task as they understood it, prior to embarking on the task. In the event of comprehension difficulties, the instructions were reread as many times as necessary. With regard to the gains and losses of each choice, besides being displayed visually by the computerized program, these were also provided verbally. Based on qualitative observation, the task was fully understood by all participants.
Analysis of performance of the educated participants on Block 1 and the beginning of Block 2 of the IGT revealed that the two educated groups had the same patterns of choices, switching gradually from the disadvantageous decks over to the advantageous decks. However, from the middle of Block 2, the choices differed in the group with 3-4 years' education, which established an earlier preference for Decks C and D. Task learning in the group with 1-2 years' education occurred later, with the learning curve rising steadily until the end of the task.
Regarding the correlations between the IGT and the cognitive tests applied in this study, there was a significant correlation with the MMSE, suggesting that performance on the IGT depends on the individual's general cognitive status. Correlation between performance on the IGT and the Memory Figure Test was not statistically significant, suggesting that the IGT is not influenced by episodic memory. Nevertheless, the Netscore on the IGT was associated with scores on the CDT, VF, Digit span -backwards and forwards, RCPM, and the WCST. These tests assess a variety of cognitive abilities associated with EFs, such as attention, concentration, abstraction ability, planning, flexibility, mental control, and working memory. Thus, these results suggest that performance on the IGT is associated with these abilities, in agreement with Gansler and colleagues (2011) .
Studies assessing the relationship between the IGT and other EF instruments have suggested the existence of correlations between the IGT and the WCST. However, Bechara (2004) failed to find a relationship between the IGT and the WCST in young individuals with chemical dependency and 8-11 years' education. Similarly, Overman (2004) , studying young adult adolescents found no correlation between the main scores of the IGT and the WCST. Brand, Recknor, Grabenhorst, & Bechara (2007) also assessed healthy young adults and found a negative association between better performance on Blocks 2, 4, and 5 of the IGT and perseverative errors of the WCST. The study by Carvalho (2010) involving young adults with an average of 12 years' education investigated the relationship among the IGT, WCST, Trail Making Tests A& B, and the Hayling Test. The author found no significant relationships between the IGT and cognitive flexibility or psychomotor speed (WCST and TMT, respectively). The only significant relationship found was between global performance on the IGT and time on Part B of the Hayling test, evidencing a relationship between the ability to inhibit automatic responses and performance on the IGT. Performance on tests of EFs and on the IGT in populations with limited educational experience and older age might be more strongly correlated, as observed in the present study.
Limitations of the present study should be taken into account. The sample consisted of women and illiterate status was based on interview data, without the use of objective measures. Nonparametric tests were used and they may be less sensitive to measurement errors. Additionally, the sample may not be representative of illiterate older adults from other regions of Brazil and the world, as participants were from an urban area. Finally, the IGT was the only computerized test in the protocol and lack of familiarity with the computer interface may have influenced study findings.
The importance of assessing the DM process in illiterate or low-educated elderly should be emphasized, as in Brazil and in other low to middle income countries there is a large contingent of individuals with low or no education (27% illiterate seniors in Brazil). These studies have important implications, given that low-educated elderly might make poor decisions if they do not fully understand the consequences of their decisions. In Brazil, examples include taking out paycheck-backed loans, subscribing to disadvantageous phone plans and cable TV, falling prey to false kidnappings, among others, which tend to be occur more frequently among elderly individuals and persons with low education (Rodrigues, 2012) . These events have serious repercussions on the quality of life of seniors, and also place a burden on their family. Despite a general consensus that DM is preserved in individuals with intact cognition, there is growing evidence suggesting that it may be partially impaired in persons with certain sociodemographic or clinical characteristics (Denburg et al., 2006; Schneider & Parente 2006; Isella et al., 2008; Davis et al., 2008; Fry et al., 2009; Carvalho et al., 2012) . Given that preservation of DM is essential for individuals' independence, future studies regarding the key determinants in the DM process are warranted.
